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Abstract
Rehabilitation of a Total Achilles Tendon Rupture
Rehabilitace Uplného Přetržení Achillovy Šlachy
This Bachelor Thesis encompasses a selected patient with an orthopaedic injury and investigates 
assets in relation to the diagnosis at hand. There is extensive research covering the anatomy of 
the Achilles tendon and foot, biomechanics, weight bearing, pathological foot types, clinical 
presentation of , diagnostics, treatment, and rehabilitation of an Achilles tendon rupture, as well 
the technique of PNF. 
Examination and therapy was conducted on an adult male at Centrum léčby pohybového aparátu 
(CLPA), an orthopaedic and sport traumatology rehabilitation center in Prague, following a total 
Achilles tendon rupture that occurred during a soccer game. Rehabilitation took place two and a 
half months after surgical repair of the tendon, under my practice and the supervision of PhDr. 
Edwin Mahr PhD from 04.01.2010 to 19.01.2010. An additional check up therapy of PNF 
occurred on 02.02.2010. Therapy was focussed on reducing pain and improving the overall 
functional capability and stability of the patient.
Key Words: Achilles tendon, Achilles Tendon Rupture, Pes Valgus, Pes Planus, Proprioceptive 
Neuromuscular Facilitation
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4General Part
2.1 Anatomy of the Achilles tendon
The Achilles tendon (or the calcaneal tendon) is the strongest and thickest tendon in the human 
body, found in the posterior compartment of the leg. The posterior compartment is involved in 
plantar flexing the foot and flexing the digits (as well as being involved in flexing the knee). 
Muscles in the leg provide dynamic support for the arches of the foot. Intrinsic muscles of the 
foot modify the forces produced by tendons of the muscles of the leg, and provide dynamic 
support for the longitudinal arches of the foot when walking, especially when levering the body 
forward during stance phase of gait before toe off (6).
The Achilles tendon attaches the gastrocnemius, soleus, and plantaris muscles to the 
middle part of the posterior surface of the calcaneus by a stiff fibrocartilaginous expansion. It 
begins in the middle of the calf and it is approximately 15 centimeters long, with its narrowest 
part approximately 4 centimeters above its insertion. The fibers of the tendon rotate up to 90o
from the proximal to the distal end. The tendon is covered by a peritendinous sheet, with thin 
gliding membranes that reduce friction and allows free movement of the tendon against 
surrounding tissues (6). 
The most superficial muscle, the gastrocnemius, originates by two heads. The medial 
head attaches to a roughening on the posterior aspect of the distal femur just behind the adductor 
tubercle and above the articular surface of the medial condyle. The lateral head originates from 
the upper posterolateral surface of the lateral femoral condyle where it joins the lateral 
supracondylar line. In the upper leg the heads combine to form a single muscle, which can be 
identified superficially as the calf. In the lower leg the muscle fibers join with those of the soleus 
to form the Achilles tendon. The gastrocnemius plantar flexes the foot at ankle joint and also 
flexes the leg at the knee joint. It is innervated by the tibial nerve (6). 
5Fig. 1 - Posterior Leg: Superficial Muscles and the Achilles tendon (7)
6Deep to the gastrocnemius is the soleus muscle. Its origin is the soleal line and medial 
border of the tibia, the posterior aspect of the fibular head and adjacent surfaces of the neck and 
upper shaft, and finally the tendinous arch which joins the tibular and fibular attachments. In the 
lower leg the soleus muscle makes up part of the Achilles tendon. It plantar flexes the foot and it 
is innervated by the tibial nerve (6).
Plantaris is a small muscle originating from the inferior part of the lateral supracondylar 
line of the femur and oblique popliteal ligament of the knee. This very short muscle descends 
medially deep to gastrocnemius. It forms a tendon which passes between the gastrocnemius and 
soleus muscles. Finally it fuses with the medial aspect of the Achilles tendon near its attachment 
to the calcaneus. It is involved in plantar flexion of the foot and flexion of the leg at the knee 
joint. It is also innervated by the tibial nerve (6). 
The Achilles tendon is involved in plantar flexing the foot. The muscles involved are 
powerful because they propel the body forward off the planted foot during walking, and can 
elevate the body upward onto the toes when standing. The tendon can receive a load stress 3.9 
times the body weight during walking and 7.7 times the body weight when running (6). 
2.1.1 Blood Supply and Metabolism
The Achilles tendon is supplied with blood from three sites: from vessels coming from the 
muscle, those coming from the bone and periosteum, and those from the surrounding tissues of 
the tendon. Within the tendon the vessels are arranged longitudinally, where one artery is 
followed by two veins. Branches of these longitudinal arteries constitute the microvascular units 
of the tendon tissue. Since it is a tendon there is lower blood supply compared to other tissues, 
and the vascularity decreases with age. It has also been noted that there is an increase in 
peritendon blood flow during exercise, such as in plantar flexion of the ankle. The metabolic rate 
in the tendon is low, therefore there is a lower risk of ischemia and necrosis during long periods 
of standing. However, due to this, recovery is slow after injury (20).
72.1.2 Innervation
Motor innervation of the Achilles tendon is via the tibial nerve. Sensory innervation is from 
nerves located on the surface of the tendon. Within the tendon there are only a few sensory nerve 
fibers which follow the vasculature. The nerves anastomose with each other as well as terminate 
at sensory nerve endings. Inside the tendons there are four types of receptors: ruffini corpuscles 
are stretching and pressure sensors; vater-pacini corpuscles are pressure sensors that react to 
acceleration and deceleration movements; golgi tendon organs which are receptors that detect 
tension; and free nerve endings, which are pain receptors (20). 
2.2.  Biomechanics of the Achilles tendon
The Achilles tendon transmits tension that is generated by the soleus and gastrocnemius muscles 
to the calcaneus. To do this, the tendons must be able to resist high tensile forces with limited 
elongation. The tendon has the ability to transmit the forces to the bone but also deform and 
recover its original length. Its primary mechanical strength is dependent on extracellular 
formation of triple-helical collagen fibrils with molecular cross-links that act as stabilizers. It has 
been found that mechanical properties of tendons correlate to the diameter of fibrils, such that 
large fibrils can withstand greater tensile forces. Rotation has an important role in the 
biomechanics of tendons. As the Achilles tendon descends, it rotates, beginning above the point 
of attachment of the soleus. The overall mechanical behavior of the tendon depends on its length, 
cross-sectional area, and time. Therefore, a larger tendon is stiffer and a greater force is required 
to cause its failure. The stiffness decreases with longer tendon fibers, and the force to failure 
stays the same, but elongation to failure increases. The collagen that makes up the tendon begins 
to fail at 4% to 8% elongation of its original length, but elastin can elongate more, up to 70% of 
its original length without rupturing, and breaks at 150% (20). 
In resting conditions, the collagen fibers and fibrils have a wavy structure, but when the 
tendon is stretched, this configuration disappears. If the strain placed on the tendon remains 
within the limits of most physiological loads, the fibers regain their initial configuration after the 
load is gone. Increasing strain causes the fibers to start to slide past one another, and cross-links 
begin to fail. With a strain over 8%, macroscopic ruptures occur due to tensile failure (20).
8As we age, collagen becomes tougher, the fibers shrink, tensile strength is reduced, and 
the tendon becomes stiffer, and is more prone to tearing. Age and size of the Achilles tendon is 
important when coping with high stress levels. Young adults have a higher tensile rupture stress 
and lower stiffness; while an increase in age, cross-sectional calf muscle size, and body height, 
correlate with thicker Achilles tendons (20). 
In runners, the cross-sectional area of the Achilles tendon is larger than in non-runners, 
and larger in elderly adults than those who are more passive. This shows that when one loads the 
tendon more, adaptation occurs (20).
Immobilization leads to a decrease in the production of collagen and increases its 
degradation. It also decreases the tensile strength of the tendon; however the low metabolic rate 
means that the effects of atrophy are slower than in the muscle. Muscle atrophy also occurs, and 
it is faster when the position of the foot is in the shortened position, as opposed to the neutral 
position, where atrophy is less severe. Even in one week, the muscles may begin to atrophy (20). 
2.3 Anatomy of the foot
2.3.1 The Ankle Joint
The talocrural joint is a hinge joint which involves the articulation of the tibia and fibula of the 
leg with the talus of the foot (6). There is only one degree of freedom in the joint consisting of 
plantar flexion and dorsiflexion, which occur around the transverse axis of the talocrural joint. 
(controlling the movements of the foot relative to the leg in sagittal plane) (21). 
The tibiotalar joint is the primary weight-bearing articulation, between the trochlea of the 
talus and the distal articular surface of the tibia. The tibia and fibula are linked by an interosseous 
membrane, and distally by a fibrous inferior tibiofibular joint known as a fibrous syndesmosis 
articulation. Only a little movement occurs between them. The fibulotalar joint is an articulation 
between the lateral malleolus of the fibula and the lateral articular surface of the talus (16). The 
ankle joint is most stable when it is in dorsiflexion (6). 
The articular capsule of the ankle goes from the distal surfaces of the tibia and medial 
malleolus, the talus, and the lateral malleolus. Anteriorly and posteriorly the articular capsule is 
thin, while the lateral and medial surfaces are strong and reinforced by ligaments. The major 
9ligaments consist of the medial deltoid ligament and the three lateral ligaments, which include 
the anterior talofibular ligament, posterior talofibular ligament, and the calcaneofibular ligament. 
The malleoli are supported by these ligaments and are bound together by the tibiofibular 
ligaments to prevent sliding of the bones (6). 
Fig. 2 - Ligaments of the Ankle and the Achilles tendon (26)
2.3.2 Tarsal Bones
The tarsal bones form the framework of the ankle, and are arranged in a proximal group and a 
distal group, with an intermediate tarsal bone on the medial side of the foot that is between the 
two groups known as the navicular (6).
The proximal group is made up of the talus and the calcaneus. The talus is situated on top 
of the calcaneus being the most superior bone of the foot. This articulation is known as the 
subtalar joint, or talocalcaneal joint. More specifically it is the joint between the large posterior 
calcaneal facet on the inferior surface of the talus and the corresponding posterior talar facet on 
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the superior surface of the calcaneus (6). It is a modified plane or gliding joint, allowing 
movements of inversion and eversion around the oblique axis of the subtalar joint. The talus 
further articulates with the navicular in the talonavicular joint (21).
Fig 3. - Joints of the foot (7)
The transverse tarsal joints are synovial joints formed by the articulations of the talus 
with the navicular and the calcaneus with the cuboid, also known as Chopart’s joint. They permit 
a gliding movement of ABD and ADD, and help movement to inversion and eversion. The joint 
may be divided into the talocalcaneonavicular joint and the calcaneocuboid joint (6).  
The calcaneus is the largest tarsal bone and it supports the talus. Posteriorly it forms the 
heel and anteriorly it articulates with the cuboid, a distal tarsal bone on the lateral side of the 
foot. The distal row of tarsal bones articulate with the metatarsals at tarsometatarsal joints and 
also permit limited gliding movements. The deep transverse metatarsal ligaments link together 
the distal heads of the bones at the metatarsophalangeal joints and restrict the independent 
movements of the metatarsals (6).
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2.3.3 Functional Aspect of Anatomy of the Foot 
The foot has different curvatures called arches. The arches of the foot are formed by the tarsal
and metatarsal bones, and strengthened by ligaments and tendons of the muscles of the leg and 
foot. They allow the foot to support the weight of the body in the erect posture with the least 
amount of load stress (21).
The arches are categorized as transverse and longitudinal arches of the foot. The bony 
points that support the arches are the calcaneal tuberosity, the head of the first metatarsal, and the 
head of the fifth metatarsal. This three point contact is important in gait, in which the line of 
transition of weight of the body runs from the tibia to the calcaneus, the midfoot, the fifth 
metatarsal head, and lastly to the first metatarsal head of the forefoot. The ligaments and plantar 
muscles oppose the tendency of pressure to flatten the curvature of the arches (21).
                     
                                        Fig. 4 – Plantar Arch and Three-Point Contact (21)
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C. Medial view of the plantar arch of the foot (fig. 4)
4,5,6:  Line of transmission of weight of the body
      7:  Superficial plantar aponeurosis
   8,9:  Long Plantar Ligament
    10:  Plantar calcaneonavicular ligament
    11:  Intrinsic muscles of the foot 
Ligaments have a greater resistance to stress than muscles, however if they are 
overstretched they are unable to return to their previous shape. Important ligaments are divided 
into four groups: the plantar aponeurosis, the long plantar ligament, the plantar calcaneonavicular 
ligament, and the short plantar ligaments. The superficial plantar aponeurosis supports the 
longitudinal and transverse arches. The long plantar ligament braces the lateral tarsal bones. The 
plantar calcaneonavicular ligament and the short plantar ligaments form the deepest layer, and 
increase the size of the socket for the head of the talus (21).
Muscles of the foot also resist the effect of the weight of the body in flattening the foot. 
The muscles are easily fatigued and are weaker than the ligaments, but their tension can be 
regulated according to stress. The medial abductors play a more important role than the lateral 
abductors. There are two groups: the intrinsic muscles of the foot and the tendons of the extrinsic 
muscles of the foot. The intrinsic muscles, which stretch between the tarsals and metatarsals and 
phalanges, function as tensor muscles of the arches as they counteract the sagging tendency of 
the metatarsals (21). 
2.3.4  Weight Bearing and Locomotion
Body weight is transferred to both lower extremities, which function to support this 
weight with minimal energy expenditure. When standing erect, the center of gravity is anterior to 
the edge of the second sacral vertebra in the pelvis, and the vertical line through the center of 
gravity is slightly posterior to the hip joints, and anterior to the knee and ankle joints, keeping the 
knee and hip joints in extension. Locomotion involves movements of all joints in the lower limbs 
to position the feet on the ground and move the proximal parts of the body over the feet. The foot 
consists of the dorsum, or the superior surface of the foot, and the sole, which is the inferior 
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surface. The body’s point of contact with the ground is at the foot, which gives a stable platform 
for upright stance, and levers the body forward in gait (6). 
2.4 Foot Types 
A footprint may be made to determine the normal posture of a foot (fig. 5). In a healthy foot (pes 
rectus), a footprint would show impressions of five digits, anterior and posterior parts of the sole, 
and a strip joining them. Physiologically, load mainly transfers to the medial aspect of the 
calcaneus and to the head of the first metatarsal (fig. 5: diagram E: # 1, 2) (21). 
Pathological foot types include pes planus, pes cavus, and pes planovalgus. In pes planus, 
or flatfoot, the entire sole of the footprint is wide and flat. It is caused by inadequate functioning 
of the intrinsic plantar muscles of the foot, leading to overextension of the ligaments and to 
collapse of the plantar arch. When this happens, the talus pronates, and may slide medially over 
the calcaneus (diagram F). As a result, the calcaneus, talus, navicular, and the cuboid are 
repositioned. Flatfoot can be accompanied with severe pain in the foot and leg from 
overstretching of the long muscles of the sole (21).
Pes cavus is a footprint with a high longitudinal arch. The calcaneus is supinated as the 
other tarsals and metatarsals are pronated. Pes planovalgus has a big medial bulge and has 
components of a flatfoot and pes valgus. In this case the calcaneus is pronated (21).
In a physiological healthy foot, the weight bearing line descends down through the 
middle of the calcaneus (fig. 6) (21). Figure five also shows a physiological position of the ankle, 
in which the valgus angle is from 0o-6o. In contrast, a valgus angle over 6o is pes valgus, and any 
varus angle is pes varus (4).  Referring back to figure six at pes valgus, the vertical axis through 
the talus and calcaneus makes a sharp angle with respect to the longitudinal axis of the lower 
extremity. The foot pronates (everts), and this position of the foot may be due to paralysis of the 
muscles of supination, namely triceps surae, tibialis posterior, flexor digitorum longus, flexor 
hallucis longus, and tibialis anterior (21). 
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Fig. 5 – Position of the Hindfoot: Pes Rectus and Pes Valgus  (4)
Pes varus, also known as clubfoot, is the opposite condition to pes valgus. The long axis 
through the talus and calcaneus, and the axis of the lower extremity form a medially opened 
angle. One cause may be due to paralysis of the pronators, the peroneal muscles, extensor 
hallucis longus, and extensor digitorum longus, causing supination of the foot. Physiologically 
the lateral malleolus should be lower than the medial malleolus. However, this height difference 
is increased in pes valgus, and decreased or absent in pes varus (21).
Pes calcaneus and pes equines are other abnormal postures of the foot. In pes calcaneus, 
there is paralysis of flexor muscles, while in pes equines there is paralysis of extensors. When 
there is paralysis of the peroneal nerve and injury to the tibialis anterior, the patient may adapt 
pes equinovarus, with a combination of pes varus and pes equinus (21).
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Fig.6 – Foot Types (21).
Problems in the foot may be due to several factors other than from weakness of the 
muscles of the arches. These include osteoarthritis, compression neuropathies (tarsal tunnel 
syndrome), stress fractures, disorders of sesamoid bones, and avascular necrosis. Some systemic 
diseases, such as diabetes mellitus, gout, psoriasis, peripheral arterial disease, and rheumatoid 
arthritis can cause symptoms in the foot (4).
It is important for physiotherapists to palpate the area of the foot, and assess the mobility 
of the joints and restrictions in soft tissues. Also, it is necessary to observe the foot during weight 
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bearing and walking. Often patients may have pain in the forefoot known as metatarsalgia. The 
most common deformity of the foot and the most common cause of metatarsalgia is splay foot. It 
involves the collapse of the transverse metatarsal arch due to weakness of the muscles and 
ligaments. This causes secondary changes in the foot with hammer toe, claw toe, and hallux 
valgus deformities. In addition, the patient may get plantar calluses from the increased stress on 
the metatarsal heads leading to more problems and possible pain (4). 
2.5 Achilles Tendon Pathology and Examination 
2.5.1 Etiology of Achilles tendon Rupture
A rupture or tearing of an Achilles tendon is a common condition. It usually occurs in adults 
between 30 and 50 years of age, who play sports every week (5). The cause of rupture may be
due to indirect or direct trauma to the tendon, however direct injury is rare. There are three types 
of indirect trauma: pushing off with the weight-bearing forefoot while extending the knee joint, 
such as during the start of a sprint, sudden unexpected dorsiflexion of the ankle, as when one 
stumbles or slips, and violent dorsiflexion of a plantar-flexed foot, as when landing from 
jumping or falling (9).
The exact pathogenesis of an Achilles tendon rupture is not known, but the two most 
common theories are the degeneration theory and the mechanical theory. The degeneration 
theory states that repetitive microtrauma and hypovascularity in the tendon may lead to chronic 
degeneration, which eventually may cause rupture without excessive loads being applied to the 
lower extremity. Ruptures may also be associated with use of anabolic hormones and 
corticosteroids, as well as with systemic diseases such as rheumatoid arthritis, gout, and systemic 
lupus erythematosus (9).
2.5.2 Clinical Presentation and Diagnosis 
Usually the diagnosis of an Achilles tendon rupture is easily made, and no specific imaging is 
required (20). Rather, ultrasonography or magnetic resonance imaging may be used for the 
differential diagnosis of partial Achilles tendon ruptures, acute peritendinitis, tennis leg (medial 
gastrocnemius tear), ligament injuries, calf muscle strains and ruptures, peroneal injuries, 
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fractures of the ankle and calcaneus, or posterior tibial tendon injury (20). Figure 7 below shows 
a complete rupture on MRI to show how it looks like inside. 
           
Fig. 7. -  MRI: Normal and Torn Achilles tendon (25)
Achilles tendon ruptures may be closed or open, total or partial, and acute or chronic (9). 
An acute rupture is when there is a delay in treatment of up to one week at the most, while a 
chronic condition refers to a delayed treatment of four or more weeks. Total rupture typically 
occurs one to two inches proximal to the tendon’s insertion on the calcaneus, and patients report 
feeling a snap or pop (5). There is a collapse of Kager’s triangle, which is formed by the borders 
of the anterior Achilles tendon, posterior surface of the deep flexor tendon, and the upper part of 
the calcaneus (20). Patients may get acute episodes of severe pain in their calf that may feel as 
though they have been kicked in their calf. The pain may then suddenly decrease, as the calf 
becomes weak and swells up (5). Sometimes when referring to the history, patients report heel or 
tendon pain, with tenderness or stiffness of a weakened Achilles tendon; however the majority of 
patients do not.
A palpable defect and gap in the tendon may be felt, but the longer a patient waits to be
examined, the more difficult it may be to palpate it to assess hematoma and edema (9). The 
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patient will have a difficult time walking up stairs, standing on the toes of the affected side, and
will also feel a change in gait. The range of motion in the ankle joint may become stiff (5).
2.5.3 Specific Diagnostic Tests
There are several tests that may be used in the diagnosis of Achilles tendon ruptures. Some of 
them include the Thompson test, Simmond test, Hoffa sign, and the Achilles tendon tap test.  
The Thompson test, also known as the Calf Compression Test, is the most common test 
used. It is done with the patient lying prone and with the feet over the edge of the examining 
table (fig.7). The physician squeezes the calf muscle and observes the response. In a normally 
functioning limb, squeezing the calf should provoke rapid plantar flexion of the foot. Absence of 
this movement indicates that the Achilles tendon is torn. Another examination that may be done 
to assess whether there is a tear is by seeing if the patient can stand on tiptoes, and on the 
affected side. 
Fig. 8 - Thompson Test (4)
An alternative way to provide the test is in prone position with the knee in 90o flexion.
This test is often called the Simmond Test. The physician grasps the patient’s calf with both 
hands and forcefully compresses the musculature. If plantar flexion is absent then this is a sign 
that the patient may have an Achilles tendon tear (4). 
